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1.  INTRODUCTION 


The  difference  between  where  a  gun  is  aimed  (correcting  for  gravity  drop, 
wind,  and  drag)  and  where  the  projectile  actually  strikes  the  target  is  referred 
to  as  projectile  Jump.  Factors  that  contribute  to  projectile  jump  include,  but 
are  not  limited  to  (Bomstein  et  al.  1988):  (1)  the  muzzle  angle  and  (2)  its 
transverse  velocity  at  shot  exit,  as  well  as  (3)  as3anmetric  sabot  discard  (for 
kinetic-energy  “type  ammunition).  The  following  intuitive  arguments  describe 
how  these  factors  could  depend,  to  some  extent,  on  bore  straightness. 


The  explosion  of  gun  gases  in  the  chamber  moves  the  projectile  forward 
and  the  barrel  rearward  (recoil).  The  transmission  of  recoil  forces  along  a 
curved  barrel  creates  longitudinal  and  transverse  components  of  force,  and 
hence  acceleration,  as  depicted  in  Figure  1.  Since  transverse  motion  of  the 
muzzle  will  be  imparted  to  the  projectile  at  shot  exit,  it  can  affect  projectile 
jump.  Indeed,  such  circumstances  could  help  explain  the  results  of  a  recent 
25-mm  M242  accuracy  test  (Gamer  et  al,  1995).  Cross-barrel  temperature 
differences  (CBTDs)  indicated  that  during  rapid  fire,  thermal  distortion  of  the 
gun  barrel  increased  the  curvature  of  the  bore  centerline  to  the  gunner’s  left, 
while  at  the  same  time,  the  round  impacts  moved  (in  general)  to  the  gunner's 
right.  Figure  2.  It  can  be  reasoned  that  the  correlation  between  change  in 
prefiring  bore  curvature  and  change  in  projectile  impact  location  resulted  from 
transverse  motion  of  the  muzzle  that  was  imparted  to  the  projectile  at  shot  exit. 


Figure  1.  Illustrating  the  effect  of  recoil  on  a  curved  bore  centerline. 


In  the  case  of  saboted  rounds,  forcing  the  projectile  to  follow  the  lateral 
oscillations  of  a  curved  bore  centerline  is  thought  to  produce  an  asymmetric 
distribution  of  compressional  energy  loads  within  the  elastic  sabot  petals.  This 
is  believed  to  affect  the  symmetry  of  sabot  petal  separation  from  the  central 
long  rod  penetrator,  and  hence  affect  the  symmetry  of  aerod5mamic  side  forces 
(created  by  shock  waves  from  the  discarding  sabot  petals  [Plostins,  Bomstein, 
and  Celmins  1991])  on  the  penetrator  before  it  enters  free  flight. 
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Figure  2.  Change  in  shot  impacts  and  muzzle  point  angle  during 

four  25-round  bursts,  with  2  min  between  bursts  fGamer 
et  al.  1995). 

To  study  the  relationship  between  tube  straightness  (centerline 
curvature)  and  projectile  jump,  we  have  instrumented  a  120-mm  M256  gun 
barrel  with  temperature-controlled  heating  pads  along  its  axis,  in  both  the 
horizontal  and  vertical  planes.  The  heating  pads  are  used  to  create  a  CBTD 
pattern  that  changes  the  bore  centerline.  Three  cases  of  thermal  bend  are 
examined  in  this  report.  In  each  case,  a  thermal  distortion  model  (Bundy 
1993)  is  used  to  predict  centerline  change  based  on  the  measured  CBTDs.  A 
muzzle  borescppe  and  displacement-measuring  dial  indicators  are  used  to 
validate  the  predicted  change.  At  some  future  date,  the  barrel  will  be  fired  to 
ascertain  the  effect  of  centerline  change  on  projectile  jump. 
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2.  INSTRUMENTATION 


Twenty  5-in  by  14-in  (127-inm  by  356-mm),  600-W  heating  pads  (made 
by  Ocean  State  Thermotics,  Inc.)  were  affixed  to  the  external  surface  of  an 
M256  cannon  using  thermally  conductive  silicone  rubber  (Sylgard  577  by  Dow 
Coming),  as  illustrated  in  Figure  3.  Each  pad  was  fabricated  with  a  0.5-in 
(~13-mm)  hole  in  its  center,  through  which  a  k-type  (Chromel-Alumel) 
thermocouple  monitored  the  gun  barrel  temperature.  Each  thermocouple  and 
heating  pad  combination  was  connected  to  a  temperature  controller 
(manufactured  by  Omega  Engineering,  Inc.)  that  turned  the  heating  pad  on  or 
off  so  as  to  maintain  (within  a  few  degrees  Celsius)  a  preset  barrel  temperature 


Figure  3.  Illustration  of  temperature-controlled  M256  gun  barrel. 


An  uns5mimetric  heat  (pad)  input  pattern  was  used  to  create  thermal 
distortion  of  the  barrel,  which  was  measured  in  two  ways.  Dial  indicators  were 
used  to  gauge  the  off-axis  (transverse,  or  lateral)  displacement,  while  a  muzzle 
borescope  was  used  to  determine  the  change  in  muzzle  pointing  angle. 

3.  TUBE  SHAPES 

Three  different  centerline  profiles  were  examined.  The  first  profile 
attempted  to  make  the  bore  centerline  as  straight  as  possible;  the  second 
created  a  bow-like  (half  sine  wave)  curvature  in  the  barrel;  and  the  third  shape 
resembled  that  of  a  full  sine  wave.  Bear  in  mind,  these  chcinges  are  not 
perceptible  to  the  unaided  eye,  creating  maximum  centerline  deviations  from 
an  end-to-end  chord  of  less  than  1  mm  (as  shown  later). 
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3.1  Straight 

The  particular  barrel  chosen  for  this  study  (M256  serial  number  2971) 
was  manufactured  relatively  straight.  In  fact,  "2971"  is  straighter  than  all  20  of 
the  M256  barrels  studied  by  Wilkerson  (1995)  in  his  report  on  barrel 
straightness  and  accuracy.  Figure  4  shows  a  comparison  of  297 1  's  centerline 
with  that  of  a  typical  barrel  in  the  Wilkerson  study  (e.g.,  serial  number  4088). 
The  displacement  in  both  planes  in  Figure  4  is  measured  relative  to  a  straight- 
Une  chord  drawn  from  the  muzzle  end  of  the  bore,  to  the  chamber  end 
(specifically,  from  -230  mm  to  -  4630  mm  from  the  muzzle,  which  delimits  the 
range  of  the  bore  centerline  measuring  device).  A  positive  value  means  the  bore 
centerline  is  displaced  above  the  chord  in  the  vertical  plane,  and  to  the 
(gunner’s)  right  of  the  chord  in  the  horizontal  plane. 


Distance  from  Muzzle  (mm) 

Figure  4.  Comparison  of  centerline  straightness  for  a  relatively 

straight  M256.  serial  number  2971.  vs.  a  more  typical  M256 
barrel,  serial  number  4088. 
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In  spite  of  its  inherent  straightness,  the  heating  pads  were  used  to  make 
297 1  even  straighter.  This  was  accomplished  with  the  measured  CBTD 
distribution  shown  in  Figure  5.  Note,  there  is  a  difference  between  the  preset 
value  for  the  CBTD  and  the  measured  CBTD.  This  is  due,  in  part,  to  the  fact 
that  each  temperature  controller  will  turn  on  and  off  within  a  1-2°  C 
temperature  range  about  the  preset  value.  But  a  larger  share  of  the  disparity, 
particularly  in  the  vertical  plane,  where  more  heating  pads  were  installed,  is 
due  to  the  fact  that  heat  from  each  pad  migrates  axially  and  circumferentially 
to  the  location  of  nearby  heating  pads.  Furthermore,  gravity  predisposes  the 
top  of  the  barrel  to  be  hotter  than  the  bottom.  As  a  result,  each  heating  pad 
must  compensate  for  heat  input  from  nearby  heating  pads  and  gravity  effects 
in  order  to  obtain  the  sought-after  CBTD  profile. 

It  should  also  be  pointed  out  that  there  is  only  one  measured  CBTD  for 
every  pair  of  laterally  opposed  heating  pads.  Nevertheless,  close  inspection  of 
Figure  5  reveals  that  three  CBTDs  have  been  apportioned  to  the  region 
spanned  by  each  pad.  The  assignment  of  three  CBTDs  from  a  singular 
measurement  is  based  on  the  a  priori  assumption  that  the  region  of  the  barrel 
under  the  central  third  of  the  pad  is  at  the  measured  CBTD,  while  the  outer 
two  thirds  are  assumed  to  have  half  of  this  value.  As  is  shown  later,  this 
prescription  for  assigning  CBTDs  leads  to  reasonably  good  agreement  between 
theoiy  and  experiment,  particularly  in  the  horizontal  plane.  We  shall 
henceforth  refer  to  the  assigned  CBTDs  as  simply  the  measured  CBTDs. 

Figure  6  displays  the  predicted  effect  on  straightness  of  two  measured 
CBTD  profiles,  one  of  which  is  shown  in  Figure  5.  The  square-shaped  symbols 
mark  the  inherent  (manufactured)  centerline  curvature  for  tube  2971.  The 
diamond-shaped  symbols  outline  the  predicted  centerline  change  brought 
about  by  measured  CBTDs  from  two  different  trials;  and  the  circle-shaped 
symbols  are  a  summation  of  the  manufactured  curvature  with  the  CBTD- 
induced  curvature. 

E)ven  though  there  is  variation  in  the  level  of  straightness  from  one  trial 
to  the  next  in  Figure  6  (due  to  the  on-off  tolerance  level  in  each  temperature¬ 
controlling  device),  there  is  at  least  a  twofold  increase  in  straightness  of  2971 
that  is  brought  about  by  use  of  the  heating  pads. 
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Distance  from  Muzzle  (mm) 

Figure  5.  Cross  barrel  temperature  difference  (CBTDl  needed  to  further 
straighten  M256  serial  number  297 1  in  the  vertical  (ton  clot) 
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Horizontal  Oenterline  Displacement  Vertical  Centerline  Displacement 

from  Breech -to -Muzzle  Chord  (mm)  from  Breech -to -Muzsle  Chord  (mm) 


We  would  expect  the  summed  curves  in  Figure  6  to  be  close  to  that 
which  could  be  measured  during  these  heating  pad  trials,  if  it  were  it  not  for 
the  fact  that  critical  optical  components  in  the  centerline  measuring  device  will 
not  function  properly  in  the  turbulent  bore  atmosphere  created  by  heating  the 
barrel.  Since  it  is  not  possible  to  directly  measure  the  bore  straightness  with 
the  heating  pads  in  operation,  the  model  is  validated  by  comparing  predictions 
with  measurements  of  the  muzzle  angle  and  off-axis  displacement  of  the  outer 
barrel  wall  (using  standard  machinist's  dial  indicators).  Figure  7  shows  such  a 
comparison. 


Figure  7.  Comparison  of  CBTD-based  prediction  vs.  measurement 

of  muzzle  angle  and  muzzle  displacement  induced  bv  heating 
pad  pattern  used  to  further  straighten  M256  serial  number 
2971. 

As  can  be  seen,  the  angular  difference  between  theory  and  experiment  is 
at  most  0.1  mil,  while  the  displacement  difference  can  vary  by  0.2  mm 
(0.008  in).  In  general,  the  agreement  is  better  in  the  horizontal  plane  than  in 
the  vertical  plane.  Additional  comparisons  will  be  shown  for  other  tube  shapes. 
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3.2  Half  Sine  Wave 


Many  bore  centerlines  have  a  simple  bow,  or  half  sine  wave  shape 
(Wilkerson  1995),  perhaps  50%.  The  heating  pattern  shown  in  Figure  8  was 
used  to  create  such  a  shape  in  297 1 .  It  can  be  seen  that  CBTDs  greater  than 
20®  C  can  be  obtained  with  the  heating  pads.  (For  comparison,  a  CBTD  of 
26®  C  was  observed  when  rain-like  precipitation  impinged  on  a  hot,  post-fired 
barrel  [Bundy  19871).  Figure  9  shows  how  this  type  of  left-sided  heating 
pattern  deflected  the  barrel  to  the  right,  relative  to  the  unheated  state.  As 
shown,  the  measured  and  predicted  displacement  differed  by  less  than  0. 1  mm 
at  two  arbitrarily  chosen  locations  on  the  barrel. 
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Figure  8.  Heat-pad-induced  CBTD  profile  used  to  create  a  half  sine 
wave  bore  centerline  curvature . 


Figure  9  references  a  particular  time  during  heating;  Figure  10  shows 
how  theory  and  experiment  compare  over  time  during  the  heating  process.  In 
general,  the  muzzle  angle  comp^son  agrees  within  0. 1  mil,  while  the  muzzle 
displacement  agrees  within  0.2  mm,  as  was  the  case  in  Figure  7. 
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Distance  From  Muzzle  (mm) 


Figure  9.  Change  in  bore  straightness  due  to  Figure  8  heating 
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The  left-sided  heating  of  Figure  8  creates  a  centerline  change  that  is 
several  times  larger  in  magnitude  than  the  natural  bore  curvature,  Figure  1 1. 


Figure  11.  Centerline  change  due  to  left-sided  heating  of  Figure  8. 

compared  to  the  natural  horizontal  curvature  of  tube  2971. 

3.3  Full  Sine  Wave 

The  CBTD  pattern  shown  in  Figure  12  was  used  to  create  the  full  sine 
wave  distortion  shown  in  Figure  13.  Dial  indicators  placed  at  three  locations 
along  the  barrel  show.  Figure  14,  that  the  predicted  curve  underestimates  the 
measured  shape  change  by  10-20%.  Moreover  (not  shown),  the  predicted 
muzzle  angle  was  0.18  mil  compared  with  the  measured  muzzle  angle  of 
0.32  mil.  E>en  though  the  differences  between  theory  and  experiment  are 
larger  in  Figure  14  (vertical  plane)  than  they  were  in  Figure  9  (horizontal  plane), 
the  differences  are  not  large  in  comparison  to  the  overall  shape  change.  In 
perspective,  the  difference  in  fall  of  shot  from  the  predicted  vs.  the  measured 
shape  change  in  Figure  14  is  expected  to  be  far  less  than  that  produced  by  its 
mirror  image,  due  to  reversing  the  CBTD  heating  profile. 
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Figure  12.  CBTD  pattern  used  to  create  a  sine-wave-like  thermal 
distortion  of  the  barrel. 


Figure  13.  Predicted  bore  centerline  change,  relative  to  the 

straight-line  muzzle-to-chamber  chord,  due  to  the  CBTD 
pattern  of  Figure  12. 
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4.  CONCLUSIONS 


Heating  pads  were  used  to  thermally  distort  the  barrel,  as  demonstrated 
by  creating  three  different  tube  shapes,  viz.,  a  straight  tube,  a  half,  and  a  full 
sine  wave  shape. 

A  thermal  distortion  model,  based  on  measurements  of  the  cross-barrel 
temperature  differences,  CBTDs,  was  used  to  predict/estimate  the  overall 
centerline  shape  change.  It  was  not  possible  to  measure  the  CBTD -induced 
shape  change  with  a  conventional  (optically  based)  centerline  measuring 
instrument,  due  to  hot-air  turbulence  in  the  bore.  Instead,  the  thermal 
distortion  model  was  validated  by  comparing  the  predicted  vs.  measured 
muzzle  angle  (using  a  muzzle  borescope),  as  well  as  the  predicted  vs.  measured 
off-axis  barrel  displacement  (using  dial  indicators). 
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As  a  whole,  the  prediction  and  measurement  agreed  fairly  well — ^the  muzzle 
angle  values  were  within  0. 1  mil  (for  comparison,  the  error  in  the  muzzle  scope 
reading  is  considered  to  be  0.05  mils),  and  the  displacement  values  were  within 
0.2  mm  (0.008  in). 

Elaborating,  the  agreement  between  theory  and  experiment  appeared  to 
be  better  in  the  horizontal  plane  than  in  the  vertical  plane.  It  could  be  the  case 
that  the  postulated  distribution  of  barrel  temperature  beneath  the  pad  is  not  as 
universal  as  was  assumed.  That  is,  the  barrel  section  under  the  middle  third  of  the 
heating  pad  was  assigned  the  pad-centered  CBTD  measurement;  whereas  the 
barrel  sections  beneath  the  outer  two  thirds  of  the  pad  were  assigned  half  the 
measured  value.  This  assumed  distribution  of  barrel  temperature  across  the 
pad,  based  on  one  central-pad  measurement,  seems  to  provide  better  results  in  the 
horizontal  plane,  where  the  spacing  between  pads  is  slightly  greater,  than  in  the 
vertical  plane.  Nevertheless,  the  magnitude  of  the  discrepancy  is  not  sufficient  to 
warrant  further  refinement  in  the  predictive  procedure  at  this  time.  It  is  expected 
that  a  bow-,  or  s-shaped,  curve  to  the  right  vs.  left,  up,  or  down,  will  have  a  far  larger 
affect  on  shot  impact  than  the  10-20%  discrepancy  between  the  predicted  and 
measured /actual  barrel  curvature. 

Future  live -fire  tests  will  examine  the  influence  of  centerline  shape  on 
projectile  impact  locations  by  firing,  for  example,  a  bow  shape  to  the  right  vs. 
left,  and  noting  the  difference,  if  any,  in  the  fall-of-shot  pattern. 
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LIVERMORE  CA  94551-0469 

1  DIRECTOR 
SANDIA  NATL  LABS 
ATTN  8741  G  A  BENEDITTI 
PO  BOX  969 

LIVERMORE  CA  94551-0969 

2  DIRECTOR 

LAWRENCE  LIVERMORE  NATL  LABS 
ATTN  L  355 
A  BUCKINGHAM 
M  FINGER 
PO  BOX  808 

LIVERMORE  CA  94550-0622 

1  DIRECTOR 

LOS  ALAMOS  NATL  LAB 
ATTN  T3  D  BUTLER 
PO  BOX  1663 
LOS  ALAMOS  NM  87544 

1  DIRECTOR 

LOS  ALAMOS  NATL  LAB 
ATTN  M  DIVISION  B  CRAIG 
PO  BOX  1663 
LOS  ALAMOS  NM  87544 

1  GENERAL  APPLIED  SCIENCES  LAB 

ATTN  J  ERDOS 
77  RAYNOR  AVE 
RONKONKAMA  NY  11779-6649 
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1  DIRECTOR  1 

LOS  ALAMOS  NATL  LAB 
ATTN  D  RABERN 
MEE  13  MS  J  576 
PO  BOX  1633 

LOS  ALAMOS  NM  87545  2 

1  THE  UNIV  OF  AUSTIN  TEXAS 

ATTN  T  M  KIEHNE 

INSTITUTE  FOR  ADVANCED  TECHLGY 
4030  2  W  BRAKER  LAND 

AUSTIN  TX  78759-5329  8 

4  PENNSYLVANIA  STATE  UNIV 

ATTN  V  YANG 
KKUO 
C  MERKLE 
G  SETTLES 

DEPT  OF  MECHANICAL  ENGRG 
UNIVERSITY  PARK  PA  16802-7501 

1  PRINCETON  COMBUSTION  RSRCH  LABS  INC 

ATTN  N  A  MESSINA 

PRINCETON  CORPORATE  PLAZA  4 

11  DEERPARK  DR  BLDG  IV  SUITE  119 
MONMOUTH  JUNCTION  NJ  08852 

1  RENSSELAER  POLYTECH  INST 
ATTN  R  B  PIPES 

PRES  OFC  PITTSBURGH  BLDG 
TROY  NY  12180-3590 

1 

2  BATTELLE 
ATTN  TWSTIAC 
V  LEVIN 

505  KING  AVE 
COLUMBUS  OH  43201-2693 

1 

1  BATTELLE  PNL 

ATTN  MR  MARK  GARNICH 
PO  BOX  999 
RICHLAND  WA  99352 

1  BATTELLE  1 

ATTN  C  R  HARGREAVES 
505  KING  AVE 
COLUMBUS  OH  43201-2681 

1  BATTELLE  PNL 

ATTN  M  SMITH 
PO  BOX  999 
RICHLAND  WA  99352 


ORGANIZATION 

AFELM  THE  RAND  CORP 
ATTN  LIBRARY  D 
1700  MAIN  ST 

SANTA  MONICA  CA  90401-3297 

AAI  CORPORATION 
ATTN  J  FRANKLE 
D  CLEVELAND 
PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

ALLIANT  TECHSYSTEMS  INC 
ATTN  R  E  TOMPKINS 
J  KENNEDY 
J  BODE 
C  CANDLAND 
L  OSGOOD 
R  BURETTA 
R  BECKER 
M  SWENSON 
600  SECOND  ST  NE 
HOPKINS  MN  55343 

ALLIANT  TECHSYSTEMS  INC 
ATTN  H  HULS 
R  JOHNSON 
TROCKNE 
W  DAVIS 

7225  NORTHLAND  DR 
BROOKLYN  PK  MN  55428 

GENERAL  ELECTRIC  COMPANY 
ATTN  JMANDZY 
TACTICAL  SYSTEM  DEPT 
100  PLASTICS  AVE 
PITTSFIELD  MA  01201-3698 

LOCKHEED  MARTIN 
ATTN  JIM  TALLEY 
ROOM  1309 
LAKESIDE  AVE 
BURLINGTON  VT  05401 

OLIN  ORDNANCE 
ATTN  A  SAITTA 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33716 
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3  OLIN  ORDNANCE 

ATTN  E  J  KIRSCHKE 
A  F  GONZALEZ 
D  W  WORTHINGTON 
PO  BOX  222 

ST  MARKS  FL  32355-0222 

1  OLIN  ORDNANCE 

ATTN  H  A  MCELROY 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33716 

1  PHYSICS  INTRNATL  LIBRARY 
ATTN  H  WAYNE  WAMPLER 
PO  BOX  5010 

SAN  LEANDRO  CA  94577-0599 

3  ROCKWELL  INTRNTL 

ATTN  BA08 
J  FLANAGAN 
J  GRAY 
R  B  EDELMAN 
ROCKETDYNE  DIV 
6633  CANOGA  AVE 
CANOGA  PARK  CA  91303-2703 

2  ROCKWELL  INTRNTL  SCIENCE  CTR 
ATTN  DR  S  CHAKRAVARTHY 

DR  S  PALANISWAMY 
1049  C  AMINO  DOS  RIOS 
PO  BOX  1085 

THOUSAND  OAKS  CA  91360 

1  SAIC 

ATTN  M  PALMER 
2109  AIR  PARK  RD 
ALBUQUERQUE  NM  87106 

1  SOUTHWEST  RSRCH  INSTITUTE 

ATTN  J  P  RDEGEL 
6220  CULEBRA  RD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 

3  THIOKOL  CORPORATION 
ATTN  R  WILLER 

R  BIDDLE 
TECH  LIB 
ELKTON  DIVISION 
PO  BOX  241 

ELKTON  MD  21921-0241 


4  VERITAY  TECHLGY  INC 
ATTN  E  B  nSHER 
A  CRICKENBERGER 
J  BARNES 
J  Z  TALLEY 
PO  BOX  305 

4845  MILLERSPORT  HWY 
EAST  AMHERST  NY  14501-0305 

1  UNIVERSAL  PROPULSION  COMPANY 
ATTN  H  J  MCSPADDEN 
25401  NORTH  CENTRAL  AVE 
PHOENIX  AZ  85027-7837 

1  SRI  INTERNATIONAL 

ATTN  TECH  LIB 
PROPULSION  SCIENCES  DIV 
333  RAVENWOOD  AVE 
MENLO  PARK  CA  94025-3493 

1  CHAMBERLAIN  MANUF  CORP 

ATTN  M  TOWNSEND 
RSCH  &  DEV  DIV 
PO  BOX  2545 
550  ESTHER  ST 
WATERLOO  lA  50704 

1  GENERAL  DYNAMICS 

ATTN  D  BARTLE 
LAND  SYSTEMS  DIVISION 
PO  BOX  1901 
WARREN  MI  48090 

1  PM  ADVANCED  CONCEPTS 
ATTN  R  TAYLOR 
LORAL  VOUGHT  SYSTEMS 
PO  BOX  650003  MS  WT  21 
DALLAS  TX  76265-0003 

2  LORAL  VOUGHT  SYSTEMS 
ATTN  G  JACKSON 
KCOOK 

1701  W  MARSHALL  DR 
GRAND  PRAIRIE  TX  75051 

2  UNITED  DEFENSE  LP 

ATTN  P  PARA 
G  THOMAS 

1 107  COLEMAN  AVE  BOX  367 
SAN  JOSE  CA  95103 
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ABERDEEN  PROVING  GROUND 


3  DIR  USAMSAA 
ATTN  AMXSY  GA 

W  BROOKS 
B  SIEGEL 
AMXSY  RA 
C  HEATWOLD 

2  CDR  USA  TECOM 
ATTN  AMSTE  SI  F 
AMSTE  TA  R 

4  DIR  USA  ATC 

ATTN  STECS  CC  PC  P  DURKIN 
STECS  LI  S 
STECS  AS 
STECS  AS  H 

5  DIR  USARL 

ATTN  AMSRL  WT  P 

A  HORST  390A 
AMSRL  WT  PD 
T  ERLINE  390 
D  HOPKINS  390 
S  WILKERSON  390 
AMSRL  WTWB 
F  BRANDON  120 


Intentionally  left  blank. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  efforts. 

1.  ARL  Report  Number/ Author  ARL-MR-315  (Bundv't _ Date  of  Report  June  1996 _ 

2.  Date  Report  Received _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report 

will  be  used.) _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  Gndicate  changes  to 
organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


DEPARTMENT  OF  THE  ARMY 


OFRaAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  0001,APG,MO 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


DIRECTOR 

U.S.  ARMY  RESEARCH  LABORATORY 
ATTN:  AMSRL-WT-PB 

ABERDEEN  PROVING  GROUND,  MD  21005-5066 


